A model for computer simulation of P-glycoprotein and transmembrane delta pH-mediated anthracycline transport in multidrug-resistant tumor cells.
Anthracycline resistance in multidrug-resistant (MDR) tumor cells is due in part to a reduced cellular drug accumulation. Using a simple kinetic model and numerical computer simulations, we have analyzed mathematically the following possible mechanisms controlling fluxes of the membrane permeable anthracyclines in MDR cells: (1) active outward transport via a specific drug transporter (P-glycoprotein), (2) exocytotic drug export via the endosomal vesicle system, and (3) pH-gradients across the plasma membrane. Model calculations were based on morphometric and kinetic data previously presented in the literature for daunorubicin transport in wild-type Ehrlich ascites tumor cells (EHR2) and the corresponding daunorubicin (DNR)-resistant cell line EHR2/DNR+. The results confirm the possible importance of the cell-surface pH in controlling DNR accumulation in the cells. With P-glycoprotein as the main efflux pump, a catalytic constant of the protein greater than 40 mol DNR transported/mol protein per min is predicted by the model calculations. Changes in the drug binding affinity of P-glycoprotein (Km = 10(-9)-10(-6) M) is of little importance in influencing its effectiveness to reduce DNR accumulation, which could explain the broad substrate specificity of the MDR efflux pump system. The conditions to evaluate unidirectional fluxes of DNR across the plasma membrane in cells with active P-glycoprotein are defined. An efflux mechanism which relies solely on pH-dependent drug trapping in a pH 5 endosomal compartment by a simple diffusion process followed by exocytosis, appears inadequate to account for the high rate of DNR efflux in EHR2/DNR+ cells.